Timing of first estrus was recorded for female common shrews (Sorex araneus) in a dense population near Oxford, England. Time of estrus could be identified to within 24 h for eight of 13 females captured regularly on the study site. Six of these females became sexually receptive within 26 h of one another, and seven within 48 h. The number of males captured in each female's range increased significantly around the time of first estrus. The number captured in the range of a female within 24 h of estrus varied between five and eight (mean ± SE = 6.1 ± 0.4), and the minimum number of females in estrus visited by each male varied from zero to four (mean ± SE = 1.6 ± 0.2). Synchrony of estrus may facilitate opportunities for choice of mates or multiple mating by females.
males in relation to females around the time of estrus.
The common shrew is one of the most abundant small mammals in the northern Palaearctic region. It is an annual speciesfew adults survive beyond an age of ca. 13 months-with a breeding season from March to September (Brambell, 1935; Michielsen, 1966) . In southern Britain, the onset of sexual maturity among male common shrews typically begins during early March (Brambell, 1935) , and first estrus usually takes place during mid-to late April (Brambell, 1935; Crowcroft, 1957; Searle, 1984) . Around this time, females typically slightly expand the individual territories they established as juveniles, while males cover much longer distances in search of mating opportunities (Buckner, 1969; Michielsen, 1966; Shillito 1963b;  Stockley et aI., 1994) . Duration of each estrus is believed to be short. Females are receptive possibly for only 2 h (Dehnel, 1952) , although some authors suggest a duration of ::524 h (Brambell, 1935; Crowcroft, 1957) . There is a gestation period of ca. 20 days, followed by a post-partum estrus. Females may produce up to three litters between April and September (Brambell, 1935; Crowcroft, 1957; Dehnel, 1952; Searle, 1984) .
MATERIALS AND METHODS
The study site was a I-ha area of undisturbed scrub-grassland, adjacent to Brasenose Wood, Oxford, UK (Ordnance Survey grid reference: SP557/056). The area is uniformly covered by dense vegetation, dominated by grasses (Avenula pubcscens, Festuca rubra, Dactylis glomerata), and bindweed (Convolvulus arvensis), interspersed with thickets of bramble (Rubus fruticosus), blackthorn (Prunus spinosa), and dogwood (Comus sanguinea).
Studies were carried out 16-28 March and 13-24 April 1992. The 1st period was chosen as a time before the expected time of first estrus, during which most males were sexually mature and most females were approaching sexual maturity. The 2nd period was chosen as the estimated time of first estrus, based on previous records for the study site (J. B. Searle, pers. comm.). Eighty-five numbered Longworth traps, baited with puparia of Calliphora, were arranged in a regular grid (lO-m spacing) across the study site. The border of the site was trapped continually using 15 more baited traps (10-20 m apart). All traps were open 0730-1830 h daily, and checked at 1-2 h intervals. Upon each capture of a common shrew, trap position was recorded, gender was determined, and animals were individually marked by toe-clipping before release. On recapture, trap numbers were recorded for all individuals, and females were examined for evidence of mating. Ranges of females were estimated from trapping data by plotting capture points onto a map of the study site and joining the outermost points of capture (convex-polygon method).
Presence of a nape scar on a female shrew is a reliable indicator that mating has taken place (Churchfield, 1990; Crowcroft, 1957) . This scar usually is apparent as an area on the nape of the neck or the top of the head where tufts of hair have been removed by males as they grip the female during copulation. Estrus was assumed to have occurred between the latest time of capture when no nape scar was evident and time of capture when a nape scar was first discovered. The number of different males captured within each female's range was counted for five rounds of trapping within the 24-h period preceding the first discovery of a nape scar and also for an -Minimum periods during April within which first estrus began for eight female common shrews within a I-ha area. For each female, the upper limit is the time when a nape scar was first discovered, and the lower limit is the time when the female was last examined prior to this. equivalent period I month prior to first discovery of a nape scar.
RESULTS
Thirteen female and 28 male common shrews were captured regularly on the study site. Mean (±SE) total number of captures per individual was 17 ± 1 for females and 15 ± 2 for males. Individuals captured on fewer than six occasions were not included in an attempt to exclude transients, nor were animals that disappeared during the course of the study. One female not recaptured during April also was excluded.
Nape scars were found on eight of the 13 females caught regularly on the study site. Note that while the presence of a nape scar indicates that mating has taken place, its absence does not necessarily imply that a female has not mated; pregnant females often lack a nape scar. The first nape scar was discovered on 20 April, a further three on 21 April, and four on 22 April. Four of these females became sexually receptive within 20 h of one another; six within 26 h, and all within 68 h (Fig. 1) .
The number of different males captured in ranges of individual females during the 24-h period around the time when estrus occurred ranged between five and eight, with . a mean (±SE) of 6.1 ± 0.4 (Table 1) . Individual males were captured in the ranges of between zero and four females around the time of estrus (X 1.6 ± 0.2; Table 1 ). The number of males captured in ranges of individual females during an equivalent period 1 month before the first estrus ranged between one and three, with a mean (±SE) of 1.9 ± 0.3. The number of males visiting ranges of females increased significantly around the time of first estrus (paired t-test: dj. = 7, t = ....:.7.2, P = 0.0002; Fig. 2 ).
DISCUSSION
Female common shrews showed considerable local synchrony in the timing of their first estrus. Of those known to have mated, 75% did so within 26 h of one another. Some synchrony in reproduction is expected for species living in a seasonal environment because births generally are timed to coincide with a period of maximum abundance of food. Control of timing of ovulation and behavior at estrus at this level often is mediated by environmental cues such as photoperiod (Woolley, 1984) or by general health and condition of individual fe- males (Skinner et aI., 1984) . However, seasonality of breeding does not necessarily lead to synchronized estrus such as that described here (Pereira, 1991) . Rather, finetuning of synchrony of estrus usually is mediated by primer pheromones of female or male origin (Knight et al., 1984; McClintock, 1978 McClintock, , 1983 Shelton, 1960) . The mechanism by which estrus is synchronized in the common shrew has not yet been investigated. Moreover, it is not known whether synchrony of estrus is common among other members of Soricidae. There are relatively few studies of synchrony of estrus among natural populations of other small mammals such as rodents. Synchrony of estrus in the red-backed vole (Clethrionomys rufocanus) is suggested by Kawata's (1985) observations of synchrony of births in both field and laboratory populations.
Results of trapping presented here suggest that synchrony of estrus may limit the number of females that males are able to inseminate. Males were captured in ranges of, on average, only one or two females around the time of estrus. The maximum number of ranges visited by any male was four. Of course, it is possible that data from trapping underestimate the true number of ranges of females visited. For example, males are unlikely to be trapped on every occasion they enter the range of a female; moreover, trapping was only carried out during the day. However, data presented also are consistent with results of DNA-fingerprinting studies, which show four females to be the maximum number inseminated by any male during first estrus in the same dense population, with a mode of only one (Stockley et al., 1994) . Hence, if male shrews are reaching more females than trapping data reveal, they do not achieve insemination success with all those visited, which is probably as a result of competition with other males, or possibly choice by females.
Local synchrony of estrus apparently does not similarly limit mating activity of females. The minimum number of different mates encountered around estrus (five to eight) is consistent with genetic studies that reveal a high level of multiple matings by females. The maximum number of fathers per litter in a dense population was six, with a mean of three males per litter (Stockley et al., 1993) . This result is initially surprising, i.e., it might be predicted instead that if females were asynchronous in the timing of their receptivity, then they would each in tum be visited by more males. However, because males differ in competitive ability, this situation would allow a few dominant individual males to monopolize mating access to each female in tum. In contrast, with local synchrony of estrus, competition among males will tend toward scramble competition. That is, competitively superior individuals will be unable to monopolize mating access to many females simultaneously. Hence, if under control of females, synchrony may function to prevent monopolization by any single dominant male, and thereby facilitate opportunities for choice of mates or multiple mating by females. 
